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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having a low-power consumption and high-speed 
field-effect transistor, using a combination of Si to Ge, C 
or the like, which are homologous element as this Si. 



SOLUTION: Strain is applied to a channel forming layer 
1, which is formed with a channel of a field-effect 
transistor, by a strain applying semiconductor layer 2 
and the mobility of carriers in the channel is made higher 
than that of the carriers in the material for a non- 
strained channel forming layer. Thereby, a high-speed 
and low-powder consumption complementary field-effect 
transistor can be realized. 
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[If 6 1 fJlESS^m h 7 ^ v'^^ (SpM-Cfc 9 . 
teHT-/£ $ ixT V ^ s r t t i-^ It** 6 f5«ro# 

[if 1 2 1 SfrfB^HLSbm h 7 i^v?^ ttpST-fo 
•3. ^tlfS^-^^/l'Ji^ASiSliSi^fcHGeji^PjTS?). SfriESi 



J:?)/h$v-ri:Sr#mi:-t-5if*iSl l^m<o^^mf^m 

So 

[if*^i 5] msimma^m^mmuj:ie, (o<x 

<l) i5^e>/<e5r i:Sr#mt-r5lf*«2 7iS8*3j;U5 
15 1 4<OV^-fJ^;)»-lS^r|E«^(Oii^^^^*:gB, 

^fiS:$tvSSi,^Ge, (0<ySl) t)^hti^^y:^^/\^m^ 

. (o<x<i) t)^h^£?>mma^^t^mi:^\^xtot) . 

20 SniEM^JtylltflfEmsSltx J;>3:*:^ < , ffliESeniD^ 

25 [t»*^l 71 tfrfESi5^-r^/W?^^*3iO«SfI|ESi,^G 
e,^ ^/WJ^fiSi^WJi: $ l*-5-n^'4xinmg<l±200nii>jy 
S5ffl{;ifc5;itSr»®ti:-rsSf*^l 5X141 6lc|E« 

[If 1 8 1 WtB**(*:3Sgl4ti«a«#^* h 7 ^ 

[»*«! 91 «ftlE¥^«ft:SB{-±+B«M«l??**h7V 

35 v'^^^*LT3o'9, StilEm#^mh7>v^;^^(4^*B 

h 7 > ^ nmf&mmx'h 'o . mti« 

h 7 > i^;^ ^ S:«jES;-rs pS*5 J; o« n Motfi 

WJiDii^^{^gOSiJ(7)^«±;;?^^$4xTV^5 r t 
40 hiri, l75S8St/l4 75Sl7<ov ^-f « 

[If 2 0 1 m^^w-mmtnmm^^^m h 7 ^ 

v?;^;5'^*b-C*3'9 , tufSm^^^ h7Vv^;^^l4^ti 

45 S«#^mh7Vv=;^^^«fig-r5pM*iJ;U^nMroM 
rl 1 75^ 8 JfcCIt 1 4 TiS 1 7 C75V ^■riXt>^—mzWM<D^ 
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<o< 1 io>:^(6] * fz (i:<oor>:^r6] tcttiEf^ ^ ^y^7>^ ff^fi^ ^ 
TV^5rtSr!|#«i:i--5tt*«l7iS8, 1 4 75ill 7 

h7>-:^;^^o^*aiE <iio>:^[6]-cfc9, v>^<omM 
Sb*h7:^i?^^(0*g-MiE<iio>:^i6]*7t«*trlE<ooi> 

So 

[iS*3S2 4] Si^SaB-h»'Si,^Ge.g (0<x<l) . 
\^^tnxmSk±\WymVXT(r>m 1 WSig, SiOjiteigkS*5j; 

(0<x<l) ;45w05ll/?-CSJS$nTV^5r tSr 

tlS<^Sitwit'<T4%*?S:>c# t *!|#mi:-f-5i|^gf 

« {100} T fcS r 1 5r#ia i -r 5if 2 4 2 6 <o 

Iit*«2 8] fiiESi,^Ge,g*3J:tJ«tfiiasi^<7?ffi;^ffi 
H{110}T-fc-5r i:S:#ii!i:1--5i»*«2 475M2 6(75 

[0 0 0 1 1 

(0 0 0 21 

lti65l50SJ&] SiM0SMS#amK7>-v?;^^ (Si-MOSF 

t oT. x^^^f ;^^t-^*wi^/J^■^t!If^a;JE(7){g;M'•.e t* 
[00031 hA>L^iAih. ^^'ht-#V^58*-r«jB 

[0 0 0 41 igJS^kwii^i/iSSfibStwiSriiii 

itSt. ±iE(75$4^*^ieJca>!i5. ti3^■7^/^' 
^' ;^ jcio It Si (Df^mm ^ loot^iT t . ^<^i- i^<oi^^\i 

[00051 tZtJ§5l5<7?Si-M0SFET-CI±'t>»4-^ 



I 0 0 0 6 1 

05 h^o :^'smzsimx'h^mmit'^m^mt^%:m\^^:L 
[0 0 0 7] ^^m<oBmi, siio i:rjzHtmm7tm 

10 ■C-S5'5Ge,C/<ef(73ffl-&-a:^fflv>-C, fg:i'S^m;^-eii53S^£ 
[0 0 0 8] 

15 7 V :x ^/V'jis Ji^j* $ 5 ^/I'Jl^fiKJS 

[0 0 0 91 Sife^VMiGelcMSrRlJD-rSi:, MSrSft 

•sr. t*5*lgf§*X-CV''-5 (M. V. Fischetti and S. E. Lau 
x:J.Appl.Phys. 80(1996)2234) , rtbtt. i^^T'TTi 
25 {wSiS:*tiS-r-5i:, Si^JiffirtMSrSttSi i:t- J: i5 ^ib 

30 [OOlOl 4fc±§Ba«)»*, ^-y^-'i'3#^4:C<0^ 

35 [0011] *fc±iES6<3l4. t ^ 

40 [0 0 1 21 Sfc±IEg6<Jl4, S#^*h7:^v^;=^^co 

45 ^^>'<^]^w*t!|s|-J:t):fc:#<-f-5r tJcioTtSfS-C- 
[0013] 

50 ov^XSLM-^--5<. Silc2l*4-XL5^PP*n®»c:»iSi,^Ge, 
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(0<x<i) ^m^^ztt)*^M^Mx-h^o Sii::si02 

h mmm 3 /msis 1 ysu^Ge.^mm 2 i: v ^ 9 

6 llSi ,^Ge,^R3^jn^ 2 Oz-O K ^ :y 7 i t Zz: 

[0 0 141 ^T. nMomi?-a^h^:^>^;^^<oS 

[0 0 151 PM<om#^*h^Vv^;^^<^S 

.y-b*6^^3 i:MSi®l<D#ffi{i'iST-/^>^K;^5fl;05 

w(7)$l$5>l^l±l*fcSSiJiltf60ffitt^^ffi 
<DH:^I#F 1 1 J: !9 t>. fiSiJl l ^Si,^Ge,MPn^JD® 2 

2tc#<(7)iE?L;65^a$nTL^9c> b;^^b. M 
Si® 1 {;iit-<TSi,^Ge,MM^ 2 rt<7)iE?L(7:>^ii}*li 

#F1 24^coiE7LooS«$:M^ii:«a<. ^(D-^j^tX^ 

Ih-r^o liSiSlcOif:^;i5ycii:;tli70nm(D 
1 ^ ^ n VjeATcr)^^ ^^jy^v'^^^ :^ -Cffll ^ 

[0 0 171 2#S<7):^j!feI^. Si,.,Ge,MBlAD® 2<7?li 

<^tf®^ffiFc7)H^I#Fl 2<7)1I,^4 3(7)31^/^:^— Ix^ 

Fl 1<7:>7I,'S4 2i7)^^>/i.:3ii---u^yuj:i9 )tji£<?'<^^o 
-e^oS*. H:^#F1 2 43<7)iE7L<^^a;6^i^^)o ^(0:h 
fett. SiSig 1 ^fcli^SiS 1 tSij^Ge^PpAD^ 2 <0 

[0018] 3 #B <D:^fe(i. Si,.,Ge,mPP*De 2 {10 



SSiJi l^'(;>fflmT-^coH:S^I=Fl 1<^1I.S4 

2 U-</V'J: »9 Sii.,Ge,MPP*Dg 2 ^^OO 

05 ffiS^-^COH^^^F 1 2«7:>1S.'?.4 3<0^^-/U=¥— U^yu 

[0 0 191 ^JsJd&-<tL^o\^. ^Si^^^vUT^^^MW 
J!iDg--<DjE7L(^5fLti3^Kll:'t-^:: pM«#S&* h 

L<li:l^-fflj5S;iti:-r^o r coi: 5 1;::-^^ <t . ^Si<bSi 

[0 0 2 01 wn«T-. W=f''sEilth\z.msi^^^^^ 
^^TItMSit_,Gey (0<y^l) ^^^^/l- LTfflV 

[00 2 11 Sii^Ge^UfPADJi 2 (Ditw^Sij^Ge^S 2 

30 5. lisisi. ^-vim!m3(om\^mm\^t:.^. m 

6^c^i-<t 9?S^<:/KBI{w/^D. ^Si^i t^-- himi 

m 3 cr)#ffi#3£C0MSig 1 ^<DBm'^<DE.n^lF 1 0 
^SiS 1 tmsii-fie^ 2 5 <7)#ffi{^3£O^Si 
,^Ge^ 2 5 4'<Dffim^»<7>H^?t=F 2 0 \:ijEiltmm 
35 ^tb^o MSigl^IE7L(^^^^v^^w;^V^^#^.^S?i 

Si® 1 tliSi,^Ge,^2 5coWS«S^{:i.»f't,t,$:±{-b 

MSi,_,Ge,g2 5rt(7)jE7L<7^^i5ao;^;55^Si^l 

aSSr^lt-r^t. ^Si,_,Ge,g2 5;^^^'- hfl:^J:»9it 
i\ o^«9MSi^l0T{-fc^1g^<7)f5 9;i^M^bV\ 
[00 2 2] ^SiJi 1 fe^ VMi^Si^_,Ge,® 2 5 

45 t h 3 P^JC t 5 -SS iGeS ^ A/T- 1 
l\ 1:^fo^VM^IE?L{iroSiGe^<Jr(r)#ffi 
{^^(OMSigi fo^v^^lMSi,.,Ge,^2 5{::S^$ti.^ 
<5DT\ ^'-hJ6^3(D#®i^{]L^tfea(7^.^ig^^tt^.^ 

50 [00 2 31 SSiS<!:liSi,.,Ge^imS-!i:-r 
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[0 0 2 4] m^Mmiat. Si,.,Ge,^fflV^^:li:;55g 
* LI \ Si i: GeTitGe(7)*§^m;05io J: ^ 4 %{5 (if 

^tf. x$:0.5i:i-i^tfSi, Ge^ti-en2%cDffirt515S 
S^ffirtiE)BIIISrfnAD-e#So xOSU^:&irJ:o-C> Si 

(D^^^^i:mm(OGe {zMvx4%^m<Dmmx^i-^< 

T-#So Z,tl\ZX<:>Xm^tlEll(D^Wi^<D^<9>^^ 

<D^\zXKim^\^X\^^fz^K :^mx\±^ib\zW^f^<0&^ 

10 0 2 5 1 ^<Dmm\tSi^J}e^(DGem^i^K^mt^ 
hUmzh. CS:;«iPxL'C(Si,^Ge,),^C^coia^lty Srl^ 

mz^ :r >^ffiA?i l£(r>^m\z J; o Tin X.T txt 1/ >o 

jj^. simm^^hf^^:^\^\z\^^^^x^^\zm0,^x^ 

^ii:^y'j:t'<D:^mxxmm^m^L. i.^^^mzsi,^Ge, 
^^s-r -5 ^ > simwi±\zmmii-fie,^f&^ Ltz.m\z 
tt-<xmmmf^^mt:WLhirz.tr>xt^. ^h\zmm(D 

5501 (Silicon on insulator) W^lZ-^^t. i?®^ 

M(Di&m\zx^-m(Dmmit^mti^xo\z/3:^, soi 

iw{lBfi»9^-^^S0lS1g^SIM0X (Separation by Implan 
ted Oxigen) MWJ: ^^i^l^M^i^XiiS^ ^ Z.(Dm^±\Z 

fi^'LtimSi { Sij^Ge, (0<y^l) ) ■ 

i^^^^^mmx'^^o 

[0 0 2 8 1 ^fc. SiS«±{^^-rSii.,Ge,2lfP*aSSr 

5 :i<htcj: '9. sii.,Ge,^^j!jD^7iv^blt^</)B:T<7:>Si 

tf{csi02jfe^^$riii6ii^. Lt^^m^zmsim^f^Mi- 

^■)5m. SiS^g_bt;i^-fSi,.,Ge,MNlADS*3 

m^M^rjoz,t\zx^ ^ m.sim^n\zsio.mmm^m 



tb. pMOS. nMOSfflcof?3^/i-g;i5^Si::?i5o ^fz. 

<Dm^^ msim<DmT\zsiojm^mti^h^fzi6. HUisu 
fzx^ ^j:pms\z^iir^iEii(omwMm^<omiti(omm^'^ 

05 ^feC^'.^V^ 

[0 0 2 91 Si^«±lrSit.,Ge,MfP*0 
SS:J5S:SL, $b<::Sig?:fiS:SL/c:f^. ^(^Sigo-gp 

fj:\.-ut±u^mmitLfzm^^mM't^o h^\^^\tsi 
m<Dmmt(D{xi:^ ^ {zsi,.fiejimm(n±\zsio.m ^ 

mM\^itX^MWitSiO.^\^^-\^-^i:^itX^i^^'\t. ^ 

(b\zsi^.fieM^^^M^j&^Ltzm(7:>sim^^mm-r 

^WAVX:is<tj:if(D^m^zX^mmi:noX. Si,,fi 
15 e,M^ADg^Sfcti^it^(t. Si,^Ge,MRl*D^{^#(7:>@i 

y)^^somm^'^mmx^^o :z(o:^mzXin\t. Sij_, 

^f^^ir^zt^-m^^tztbx^mm<oi&m^miri. $ 

^m<m^xm'r-^m\zmti. pmos. nMosffl<^i?:iiy^® 
[0 0 3 0] ±m^^^^som^<D^Wr\zm\^x\^. s 

i i-,Ge,MW*Dg ^ySi bX jo < i^l>^(^i^^-r b t> V \ -t 

25 ^cCfc*^. SiS;RJii::Si,^Ge,MB3^nSSr^:g'b. S^blw 

msm^^^L. ^(D-ui:^m^tLtzmm^%^nzmM 
Ltz^nmmtsio^^\^^^\^^t>^x^kK^^^. msim 
<DU^^^Bhxmwxh^\^^\tmm^^i7^\ si02@c^±tr 

30 fi. ^p^i.fi^'^^m^v ^^som^t'^ofz<^t>h 

^^^(Dsommt^otz<mmiz^o z,t^^mm 

35 <. m^- iE?L^»a755S5v^<i:l^9Msi<?5#^as:^ix^ 

::i:lc^e^o ^siJl<7:)ET{csi02j(6^;55fc5fc 
ib. Stfiab/cJ:5?SpM()SlcjottSiE7L(75M^ADS'^cogtt 

[00 3 1] MSiS(7:)l?^l;i{i-^<75©JPS;^5fe^o ^c^if 

40 m<D±^ ^\zxoxmm^x^^xt ^msim<D 

AyX^ «9 . Si,.,Ge,^PPi]D^t::MSig Sr^S $ -ttfc#^ 
xv>;tli\ CT;ttfx=o, 2<7:^ t^M<7^±^^\'^^o, s%xm 

#JKI?ftlOOnmMa. x=0.5OttM(^):^#$fi*^2%-eES 

45 ^mmniormimmzy'j:^o tztzL. z.(D^^mm(D±t 

tim^<DXo\zm\zmn:mmtim7<^ixx\.-^mi^(Dm 

^t-tm(7^Mmt\tm^j:-:>x<^o Lf)^\^^j:/)*^h. mm 

50 ±mM^J:^(Di^^^im^^^^t^f^X^^x^'^0,2f)^ 
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[0 0 3 21 m\^^^^m^B(Dm:^&(omm.t. 

[0 0 3 4] S^gffi:^^i:UT^llO)ffiS:fflv^:5rtt> 

^ I ^^i<ool>:^^&l -r ^ :i <h ^a^M ^mu-t ^zt\::X 

[0 0 3 51 )^i±l^l2jtLyhJ:5tc. ^Y^v'^Srfl^^-t* 
M Mmi^^aj* h ^ V v?;^ ^ J: t>' w ^ ^ffl V ^fc^^f^ S 

6^mm^mi^xm^\ 

[00 361 UT. ^m&n::^^^mm^mm\ziumi^ 

[0 0 3 71 MMm 1 

milt. ^mMm\^^^^(MosFEi(DmMmxh^o sim 
-c. mmMs^m<Dtii^<oy-}:fi^i^\^rfi:>tii\i\ si,^G 

m 2-0. 4\zir^ t ^V^^S^;6^#?5i^^o 
( 0 0 3 8 1 Sii_,Ge,SRi*DS 2 Jiir^ft^^ft^ 



«^IB200 0-2 8 64 1 8 



[00 3 91 ^\z. h i->^i^mm{z:x 9 m'f'^mmBi 

mm 2 \zt>fz^ X ^ zrL/uT^^m-< ^:y1rT^^^n o o P 
Sbl-x SSig 1 <7)±g|5(r. PMOS^l^tcmilS^TC 
10 [00401 Sctd. ssiS 1 <7:)^DB^fRSg>ft:b, sio^y 

y-;^ Ku-f V'ffi^SSr-f ^vaASJ-J:«9?^^-t-^o - 

mv-:^ V^^l 8;65ji^^x-#^OT*PMOS. NMOS 

^^jDM2--(D^inSgS^M^t-7^ci'!){;i. -f:^:/SA2g 

gpflje^ da^-^-r) sts^^l. ^^-^^j^ 
vv>''y^^\t. m-^mxsimwLAi\zw^Y^n\^fLm 
[004 11 mMm 2 

30 8 (7)1^$30nm^il^(D:^^(7)50 nm<h^ < "f-^f^^ »9 
tC, Sii.,Ge,^R3;(JD^2(7:»JI^J5gi;i*3V^T. ^:CO±ge30nm 
<^ISfflT% P K-tfi^:/:^/:^*?S-g'b-C. 10"fi5i:ffiir 

35 bfz.^\z. rmsmm^mmx^m\^x:io^Y-\fi^^ 

[00 4 21 :^cfcL. :iLiltK-fc°^^^tTofcpMOS®« 
[0 0 4 31 *IIM0'Ji-:Jb^^^Tt. ^iJL^^V^^^V;^ 

1 0 0 4 4 1 mMm 3 

|gj9li. ;*:SJ&«?iJtC>^^CM0SFETCO^®El-efc^o 
[004 51 :Brfls:65i;ifl. ^^«i^^T% pM0S(;5Sij.,G 

^ ^>^m<^?r?i^^u> /<-rr;^^*Dm^2 2 ^-r^o 

50 [0 0 4 61 x<^r^^iDaS2 2{C+lV(7)®E^ffl;&D 
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[0 0 4 7] /^jo. mMmiTjm3(D:^m\t. mmzm 
[0 0 4 8] mmm4 

moil. :^mM&\\zw>^(MosFEi<Dmmmx-h^o * 
mn&mit. MMm i tciott^nsig i p mmosfekt^ k 

U>f l^m^ 1 5 . nSMOSFEK^y-^ffiiSc 1 4 

[00491 **Jfi09O h y V v?;^t^' =K5l5MMOSFET 
[0050] 5 

1211 Hi. :^mMm\zm^cMosFEi(Dmmmxh^o * 

[00 5 1] Simmi 3{Cfeib;&^C*7Km-f :^>fri2^^ 

[00 5 21 S ?5{C:Sio.5Geo.5?J>^?>^<f^3IRlJO^CO-bS 
2 4 Sr^J?30nm. MGeg 2 5 S:IK/?10nm. SSiS 1 S:^ 
mi^nmXm\zmm\^mmi^f&^^o ^J^^. Si, Ge:foJ:U^ 
SiGeg(7)J*g{ijb^SCtB^:&ffi{w|5S^-r, JilSffl^O^ 

ffi^S^^jSrSJt. MSiSiftffirt§|o3g!9/J;:;^Sr§«t^o 

ri^^'J:'9> SGe^ 2 5 (7)IE7U HSig 1 co«^^<k t tc: 

So 

[0 0 5 31 HJEMl <k l^litT^ifr^-C. m^^m 

2 4 jo J: rJTM Xh S Si,.,Ge,Ji 2 {w t^fc o T CO znyU 

Gem 2 5^7)±g5{;IU#v^^^tissfflffi@a-r:^>'fri^^^ 
ff9o ^v^r. Si02^'-h®&>(k:^3(7:)?i^^. ^-hmM 

nMOSl::MUXIt^Sigl<7)i?:;^^(hl^g«COlOnin<i:L. pM 
0S(3^LTIlliGel2 5«wa-rS20nmt tfCo iSf^tC. 

W^^^'fjy^ ^CMOSFET;55^-rSo 
[0054] *IIJg^X«x=0. 5c75Sio.5Geo.5S 24$: 



t/SGe@2 5--^x53im*Dl[/55:fe#V^ 
[005 5] *lllfe0iJT-ti. f-^^^'UtcaiGe^gSrfflV^ 

/c;ii^ Si§rr^-^Tc^Si,^Ge,S (0<y<i) ^fflv^sr 
05 <!:t>-etSo m^Slt;yltSi,.,Ge,SfPJDS<7:> 

[0056] JISiCT 6 
lai 211. :*:^Jfe0iJlr^5CMOSFET<JOWfffi0T-fe'5o * 
5 Iwiott SMSig 1 ±lwSio.5Geo.5»M 
10 S3 0Sr2nm?g^Lfc:t><DT-foSo 

[0 0 5 71 ^<7:>j:9lw. Sio.sGeo.5Pt^3 O^mS 

mi t¥-vmmm3(om\zwt\-fx\^^(DX\ bt-h 

SSig 1 i:.>5r'^ i>*6#K3#ffi(7)m*SttT> Sio.s 
Geo.5PaSS 3 0 tmiM 1 a?l^0B#ac<7)3iSig 1 ^'tw 

15 wm^iy^^o 

[00 5 81 ^fc. *^iS«-eii^Ge^ 2 5 <7)±gB{CM 
y— >^ KW^SiSl 7 1 8(7)>r:rvaA^$JtnM0SlC 

20 LTIl^Geji2 5(ca-rS22nin^-r5o 
[00 5 9] 7 
01 3 J*. *^J£MS3^?.SCM0SFET<D»rD5St?fcSo * 
H^^^iJIl. 5 {^iottSMSiS 1 i:^GeS 2 5 sra 

25 [00 6 0] a^fls^^lCli, Si^^^Qe^^^m^MM 2 4±JC 
pMOS^^lCJlMGeg 2 5 «:10nm. nMOS^^tCJ^SSiS 1 
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